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[Specification] 

[1. TITLE] 

The manufacturing method of a heat-shrink urethane-rubber molded product 
[2. Claim] 

Thermoplastic polyurethane rubber is heated until the melting viscosity becomes 
107.5 poises or less, subsequently, it draws, cooling so that the melting viscosity may 
become 108 poises or more. 

The manufacturing method of the heat-shrink polyurethane rubber molded product 
characterized by the above-mentioned 

[3. DETAILED DESCRIPTION OF INVENTION] 

After setting a thermoplastic resin like a PVC to the temperature below a pour point 
beyond a softening point and drawing and cooling, the phenomenon which will 
contract if a re heating is carried out, and is recovered to the place near an original 
shape is known from before, the molded product using this character is also marketed. 
However, even if it applied the above methods to the material which has 
rubber-character completely at room temperature, what has a heat-shrink sufficiently 
was not made. 

If the molded product which has a heat-shrink sufficiently can be obtained from the 
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material which has such rubber-character, further many applications are anticipated. 
As a material which has rubber-character by the way, thermoplastic polyurethane 
rubber etc. is mentioned, for example. 

However, although this thermoplastic polyurethane rubber shows the completely 
same character as the rubber which has a normal three-dimensional molecule 
cross-linking at room temperature, it shows thermoplastic character above that pour 
point, the molded product of various shape can be made by methods such as the 
extrusion casting and the injection molding. 

Therefore, today it is also one of the polymeric materials used widely. 
These inventors earnestly examined this thermoplastic polyurethane rubber. 
Consequently, only the molded product obtained by heating and drawing on specific 
conditions realized showing a heat-shrink phenomenon like a thermoplastic resin like 
a PVC. 

That is, after heating until the melting viscosity once became 107.5 poises or less to in 
the case of a thermoplastic resin like a PVC being carried out where drawing operation 
is heated to the temperature below a pour point beyond a softening point in the case of 
thermoplastic polyurethane rubber, it realized that a molded product showed a 
heat-shrink phenomenon by carrying out drawing operation, cooling so that the 
melting viscosity may become 108 poises or more. 

Moreover, it realizes that the molded product obtained by the conditions except said is 
deficient in a heat-shrink, this invention was perfected based on these findings. 

That is; this invention heats thermoplastic polyurethane rubber until the melting 
viscosity becomes 107.5 poises or less, subsequently, it draws, cooling so that the 
melting viscosity may become 108 poises or more. 

It is the manufacturing method of the heat-shrink polyurethane rubber molded product 
characterized by the above-mentioned. 

About the thermoplastic polyurethane rubber used for this invention, (1) a polyglycol of 
a mean molecular weight 500-5000 which has a hydroxyl group at both the terminals, 

(2) a organic polyisocyanate which has a 2 or more isocyanate group in the molecule, 

(3) a polyurethane obtained by making the chain extender which has at least 2-piece 
active hydrogens, such as a diol, react, the pour point is about 100-22 
degrees-Celsius. 

A pour point is temperature from which polyurethane rubber will be in a fluid state here. 
As a polyglycol of (1), linear polymers, such as polyester, a polyether, and polyether 
ester, are mentioned. 

As polyester, the polyester generated by polycondensation from organic dibasic acids, 
such as a succinic acid, adipic acid, a sebacic acid, a maleic acid, and a terephthalic 
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acid from aliphatic glycol, such as an ethylene-glycol * propylene glycol, butylene 
glycol, a hexamethylene glycol, and diethylene glycol, or it is the ring-opened polymer 
of lactone, it uses the polyester which is both the terminal or hydroxyl group which was 
made to react with a 2 official sensitivity extender like an ethylene glycol, and was 
obtained. 

As a polyether, polyalkylene glycol (a copolymerization polyether is included) like 
polyethyleneglycol, polypropylene glycol, and polybutylene glycol is desirable. 
As polyether ester, the reaction material of said polyether, dibasic acid anhydrides, 
such as phthalic anhydride, maleic anhydride, succinic anhydride, and the tetrahydro 
phthalic anhydride, and oxirane compounds, such as an ethyleneoxide and a 
propylene oxide, is mentioned. 

Said polyglycol can also be used in mixture of 2 or more types. 
As an organic polyisocyanate of (2), aromatic diisocyanates, such as a diphenyl 
methane-4,4'- diisocyanate, a tolylene diisocyanate, a naphthylene diisocyanate, a 
diphenyl isocyanate, a p.p'-cutting-pliers gin isocyanate, and a durene diisocyanate, 
are suitable. 

In addition, aliphatic diisocyanates, such as a hexamethylene diisocyanate, an 
isophorone diamine diisocyanate, a lysine diisocyanate, and 4,4'- methylene-bis 
(cyclohexyl isocyanate), or aroma aliphatic diisocyanates, such as m- xylylene 
diisocyanate, p- xylylene diisocyanates, and those mixtures, are mentioned. 
As a diol used as chain extender of (3), diphenol alkanes, such as aliphatic glycol, 
such as an ethylene glycol and a propylene glycol, and bisphenol A, etc. are desirable, 
for example. 

This thermoplastic polyurethane rubber may contain a well-known filler, a pigment, a 
weatherproofing stabilizer, etc. 

In this invention, said thermoplastic polyurethane rubber is heated until the melting 
viscosity becomes 107.5 poises or less. 

It changes somewhat with a composition, molecular weight, etc. of the thermoplastic 
polyurethane rubber used. 

However, generally heating temperature is more than the pour point of polyurethane 
rubber. 

The temperature is about 100 - 220 degrees-Celsius specifically, preferably it shows at 
about 120 - 200 degrees-Celsius. 

Moreover, a heat time changes with shapes, pour points, etc. of polyurethane rubber. 
However, it is about 1 minute-10 minutes. 

When the pour point of polyurethane rubber is high, a heat time may cause thermal 
decomposition as it is long. 
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Thus, it draws, cooling the once heated thermoplastic polyurethane rubber so that the 
melting viscosity may become 108 poises or more. 

That is, for the temperature which operates drawing, the melting viscosity of 
polyurethane rubber is 108 poises or more, especially since the temperature which 
becomes 109-1011 poises is preferable, it changes variously by the pour point of the 
polyurethane rubber used. 

Generally, the pour point of polyurethane rubber is at a low temperature of about 40 - 
60 degrees-Celsius. 

It shows at about 40-180 degrees-Celsius. 

This drawing operation may serve as casting operation, for example, as long as 
polyurethane rubber is a sheet-like thing, it may draw it one way or bilaterally, and it 
may make a sheet-like thing. 

Moreover, if it is the tubular shape which ends opened wide, one end will be closed, a 

pressurized gas will be supplied from another end, and it will draw to multiple 

directions, and the molded product may be made a tubular shape. 

Furthermore, as long as it is a ring shape, it may draw to one way or multiple 

directions. 

Draw ratio is about 1.1-6 times, preferably about 1.1-3 times. 

There is a molded product obtained by drawing immediately, if it is required it cools 

gradually and is considered a product. 

Thus, the molded product obtained, pour point of polyurethane rubber or temperature 
about 40 degrees-Celsius lower than a pour point has character to contract by heating 
between about 1-40mins. 

Therefore, it can use for example protection and insulation of the joint of a steel pipe, 
various electric-wire covered parts, protection of the panel passage section of electric 
coding, breakage prevention of a glass-bottle mouth etc. and moreover since it has 
high degree rubber character, wearing is possible also for a complicated shape. 
Said character is utilized, the thermoplastic polyurethane rubber product of various 
kinds of shapes can also be cast by heat-shrinking on the male mold of desired 
shapes. 

The method of this invention is simple to operate it as mentioned above. 

And since mechanical capabilities, such as wear-resistance, are excellent, the molded 

product obtained is very useful industrially. 

Next, Reference Example and an Example are given and this invention is 
demonstrated concretely. 

[Reference Example 1] 

The 1004.5 g (1 mol) synthetic polybutylene adipate of thermoplastic polyurethane 
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rubber (molecular weight 1,000, a hydroxyl value 112.5, acid value 0.15, 0.015 % of 
water components) 

4,4'- methylene-di phenyl isocyanate 500g (2 mol) is prepared to the separable flask 
which set the thermometer of 21 capacitance, the cooling pipe, the nitrogen blowing-in 
mouth, and the stirring rod, it stirred at 30 minutes and also 80 degrees-Celsius with 60 
degrees-Celsius for 90 minutes, and the terminal isocyanate prepolymer of the amine 
equivalent 890 was obtained. 

Furthermore, 1,4- butanediol 87.4g was added, and it stirred at 80 degrees-Celsius for 
15 minutes, slushed into the tray made from Teflon, it processed at 100 
degrees-Celsius for 4 hours, and the solid thing was obtained. 
A draining-board after the birth and a granulator ground at room temperature for three 
days, and flakes-like polyurethane rubber was obtained. 

This rubber was the 100-% modulus 76.3 (Kg/cm3), the 300-% modulus 226 (kg/cm3), 
Shore-hardness 929A, and pour point about 160 degrees-Celsius. 
Moreover, this melting viscosity came out, as shown in degree table. 
Melting viscosity 

A high chemical-formula flow tester is used, the flow rate is measured by 1.0 mm of 
diameters of a nozzle, length 10 mm, and the pressure of 100 Kg/cm3, the melting 
viscosity was calculated. 



1 60 degrees-Celsius 1 .3*1 07 Poise 

170 degrees-Celsius 9*106 Poise 

1 80 degrees-Celsius 1*105 Poise 

190 degrees-Celsius 3.8*104 Poise 

200 degrees-Celsius 2.5*104 Poise 



Similarly 107 or more viscosity uses a high chemical-formula free circuit tester, it was 
estimated by the flow length inside of the thin tube after putting a fixed-time pressure. 
1 20 degrees-Celsius Measurement impossibility 
130 degrees-Celsius 2.0*1011 Poise 
140 degrees-Celsius 2.4*1010 Poise 
150 degrees-Celsius 1.3*109 Poise 

[Reference Example 2] 

A 1004.5 g (1 mol) polybutylene adipate (molecular weight 1000, a hydroxyl value 
112.5, acid value 0.15, 0.015 % of water components) and 4,4'- methylene-di phenyl 
isocyanate 375g (1.5 mol) are prepared to the separable flask which set the 
thermometer of 21. of capacitance, the nitrogen blowing-in mouth, and the stirring rod, 
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and it is 30 minutes at 60 degrees-Celsius. 

It further was stirred at 80 degrees-Celsius for 90 minutes, and the terminal isocyanate 
prepolymer of the amine equivalent 1450 was obtained. 

Furthermore, 1 ,4- butanediol 47.3g was added, and it stirred at 80 degrees-Celsius for 
15 minutes, slushed into the tray made from Teflon, it processed at 130 
degrees-Celsius for 4 hours, and the solid shape thing was obtained. 
It was cured for three days at room temperature, it was ground in the granulator and 
flake-like polyurethane rubber was obtained. 

This rubber was the 100-% modulus 36.6 (Kg/cm3), the 300-% modulus 256 (Kg/cm3), 
Shore-hardness 75A, and pour point about 110 degrees-Celsius. 
Moreover, this melt viscosity came out, as shown in degree table. 
Melting viscosity 

110 degrees-Celsius 1.0*107 Poise 
120 degrees-Celsius 8.0*105 Poise 



130 degrees-Celsius 
140 degrees-Celsius 
150 degrees-Celsius 
90 degrees-Celsius 
100 degrees-Celsius 



3.0*106 Poise 
1.1*105 Poise 
0.7*105 Poise 
1*109 Poise 
1.0*108 Poise 



[Example 1] 

. It hangs on the hot calender roll which maintained the sample of Reference Example 1 
at 158 degrees-Celsius, and considers as a sheet with a thickness of about 0.8 mm, 
length 100 mm and the sample piece of a rectangular with a width of 5 mm were cut 
out from this. 

Two marked lines are written in the center section of this sample piece at intervals of 
50 mm, it heats to 160 degrees-Celsius for 5 minutes, it is taken out at room 
temperature and draws at 150 or less degrees-Celsius. 

Under the present circumstances, sample temperature has the calorific capacity of 
itself. 

Therefore, the fluidity to some extent is shown at first, it accompanies and deforms to 
an elongation. 

However, cooling progresses soon, and more does not deform but becomes only 
showing rubber elasticity. 

After cooling to room temperature, the distance between marked lines is measured, an 
elongation is determined. 

Next, when this sample piece was heated to the temperature of each time, maintained 
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at a fixed time, and the change of the distance between marked lines was measured, it 
became a result as shown in the following table. 

[Table 1] 
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Table 1 

Row 1 (left to right): Sample number, Drawing, Expansion degree, Residual expansion 

degree after a heating 

Row 2: minute, minute, minute 

Row 3: minute, minute, minute 

Row 4: minute 

Row 10: minute, minute 

Row 11: minute, minute, minute 

Row 12: minute 



If heating temperature is 120 or more degrees-Celsius, it becomes original rubber 
state by heating, the dimension also resets to the place very near a full size method as 
shown in a top table. 

[Example 2] 

From the same sheet as that which used in Example 1, the ring of the shape of a 
doughnut of internal diameter 20 mm and outer diameter 30 mm is cut down, this was 
heated 160 degrees-Celsius for 5 minutes. 

The melting viscosity of a sample was 1.3*107 poises, as shown in Table 1 in Example 

1. 

It draws about 2.5 times, cooling this sample like Example 1. 
The glass tube of outer diameter 37 mm is equipped with this, shortly after heating by 
the hot-air burner, a sample starts contraction, it changed into the state where became 
the band of width about 4 mm and it contacted to the glass-tube faceside. 
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[Example 3] 

The same sample as that which used in Example 1 is paid to an extruder, it extrudes at 
100 degrees-Celsius, the tube of internal diameter 16 mm and outer diameter 20 mm 
is made. 

This is chopped in length of 20 mm, it draws after heating to 160 degrees-Celsius for 5 
minutes until an internal diameter is set to about 50 mm, cooling like Example 1. 
With the glass bottle with a mouth screw of volume approximately 150c.c, the mouth 
screw section whose outer diameter of the mouth screw section is 42 mm is equipped 
with this, when heated for 10 minutes to 140 degrees-Celsius, the sample changed 
into the state where contracted and contact coating of the mouth screw section was 
completely carried out along the shape. 

[Example 4] 

The sample of Reference Example 2 is hung on a hot calender roll of 120 
degrees-Celsius, it is made to be a sheet with a thickness of about 0.8 mm, from this, 
a sample piece is made like what was stated to Example 1, and two marked lines are 
written in. 

This is heated for 5 minutes to 120 degrees-Celsius, it draws cooling to 100 or less 
degrees-Celsius, the distance between marked lines is measured. 
Next, this is heated to various kinds of temperature, the following result was obtained 
when the coefficient of contraction was measured. 



[Table 2] 
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Row 1 (left to right): Sample number, Drawing, Expansion degree, Residual expansion 

degree after a heating 

Row 2: minute, minute, minute 

Row 3: minute, minute, minute 

Row 4: minute 

Row 8: minute, minute 

Row 9: minute, minute, minute 

Row 10: minute 

[REPRESENTATIVES] Patent attorney Shoji Matsui 
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